The multicellular embryo, and ultimately the entire organism, is a derivative of the fertilized 36 egg cell. Unlike in animals, transcription factor networks orchestrating faithful egg 37 development are still largely unknown in plants. We have identified that egg cell 38 differentiation in Arabidopsis require interplay between evolutionarily conserved onco-protein 39 homologs RETINOBLASTOMA-RELATED (RBR) and redundant MYB proteins 40 MYB64/MYB119. RBR physically interacts with the MYBs; and with plant-specific 41 transcription factors belonging to the RWP-RK-domain (RKD) family and LEAFY 42 COTYLEDON1 (LEC1), which participate in development of egg cells and inherent stress 43 response. RBR binds to most of these egg cell-expressed loci at the DNA level, partially 44 overlapping with sites of histone methylation H3K27me3. Since deregulation of RKDs 45 phenocopies mutants of RBR and the MYBs in terms of cell proliferation in the egg cell 46 spatial domain, all the corresponding proteins are likely required to restrict parthenogenetic 47 cell divisions of the egg cells. Cross-talk among these transcription factors, and direct 48 regulation by RBR, govern egg cell development and expression of egg-to-zygotic polarity 49 factors of the WUSCHEL RELATED HOMEOBOX family. Together, a network of RBR-50 centric transcription factors underlies egg cell development and stress response, possibly, in 51 combination with several other predicted nodes. 52 53 54 55 Key words 56 egg cell | transcription factor | RETINOBLASTOMA RELATED | MYB | RKD | stress | 57 parthenogenesis 58 59 4 Author summary 60 61
Introduction
were due the absence of RBR expression in the egg cell. Therefore, we made use of 175 the amorphic rbr-3 mutant to uncover the transcriptional changes in the egg cell 176 upon depletion of RBR by comparing transcriptional profiles of the mutant ovules 177 against the wild-type ovules. We assumed that differences between transcriptomes 178 of rbr-3 and wild-type ovules should reflect mainly the female gametophyte-specific 179 gene expression [2, 6, 28] , for RBR gene is haplosufficient both in sporophytic and 180 gametophytic tissues [22] . We conducted a two-step comparative transcriptome 181 analysis. In step-1, all the acquired mRNA-seq data from the ovules were filtered to 182 retain those genes reported as part of the Arabidopsis egg cell microarray dataset 183 [9]. In step-2, the filtered data were subjected for wild-type versus mutant differential 184 expression analysis. This approach allowed us to scrutinize egg cell-related gene 185 expression profiles of the wild-type versus rbr-3 genotypes. 186 Differential gene expression analysis identified a total of 2096 egg cell-expressed 187 genes with over 20 transcripts that were previously validated for spatial egg cell 188 expression (Table S5 , Fig. 2A-B ). GO enrichment analysis of the egg cell-expressed 189 transcripts pinpointed several transcription factors (105) and stress-related genes 190 (172) that potentially could function downstream of RBR (Table S6 , Fig. S1 ). Among 191 rbr-3 up-and down-regulated genes, 120 and 70 candidates, respectively, (ca. 9%) 192 fell under GO categories related to stress. Interestingly, 18% of transcription factors 193 upregulated in rbr-3 were stress-related versus 7% that were down-regulated, 194 indicating a predominant repressive function of RBR on transcriptional regulators 195 involved in stress responses in the egg cell. 196 In order to validate the mRNA-seq data and to build up a functional egg cell-197 associated transcriptional regulatory network, we chose specific differentially 198 10 expressed candidate genes that have been known for their egg cell expression [9] or 199 function. We confirmed downregulation of egg cell-expressed genes EGG CELL 1.1 200 (EC1.1) [27] and WOX8, and upregulation of WOX2 [8, 29] and ETHYLENE 201 RESPONSE FACTOR 104 (ERF104) [9] by qRT-PCR ( Fig. 2C-F ). In addition, 202 abundant EC1.1 mRNA in situ signals were readily visible in the wild-type egg cell; 203 however, in rbr-3 eggs, EC1.1 signals were partially depleted ( Fig. 2D-E) . Validating 204 the spatio-temporal gene expression profile of egg-cell specific markers such as 205 EC1.1 served as a quality control of our genetic subtraction approach. 206 While the egg-like cells of rbr-2 embryo sacs still expressed promoter reporters of 207 female gametophyte-expressed MYB transcription factors pMYB64::GFP and 208 pMYB119::GFP [13], our mRNA-seq analysis on rbr-3 ovules identified MYB64 as a 209 differentially expressed transcript (Table S5) Further, we noticed that, unlike pRBR::GFP-RBR, pMYB64::MYB64-GFP protein 222 was rather abundant in the unfertilized egg and in the early zygote ( Fig. 1I-K) .
11
The transcriptional profile of most of the RKD genes pinpointed their preferential 224 expression in the Arabidopsis egg cell [9, 30] ; however no reports are available on 225 the corresponding proteins. We found that a RKD2 protein fusion with GUS (β-226 glucuronidase) was localised to the egg cell in Arabidopsis (Fig. 1I ). RKD2 was 227 significantly downregulated at least in rbr-3 ( Fig. 2G ). Although RKD1 gene 228 expression was slightly down-regulated in rbr-3 ovules, it was upregulated in 229 myb64;myb119 mutant. In contrast, RKD3 was upregulated in both mutants (Fig. 230 2G). We found that LEC1, a stress-related gene primarily expressed during seed 231 development, is also expressed in the egg cell. Expression of pLEC1::GUS construct 232 was undetectable in the sporophytic cells of the ovule; however, a faint GUS signal 233 was recorded throughout the embryo sac including the egg cell ( Fig. 1L ). Similar to 234 RKD3, LEC1 transcripts were strongly upregulated in rbr-3 and myb64;myb119 235 ovules ( Fig. 2G ). Since RKD2, RKD3 and LEC1 are commonly deregulated in both 236 rbr-3 and myb64;119 mutant ovules that phenocopy each other, it is apparent that 237 RBR and MYB64/119 act in the same regulatory pathway upstream of RKDs and 238 LEC1 transcription factors during egg cell development.
239

RBR is tethered to promoters of a subset of egg cell transcription factors 240
To establish whether the egg cell genes upregulated in the rbr-3 mutant could be 241 direct targets of RBR, we performed chromatin immunoprecipitation (ChIP) 242 experiments. We tested enrichment of promoter fragments of MYB64, LEC1, RKD3 243 and WOX2 after immunoprecipitation of GFP-RBR in reproductive tissues that 244 contained mature egg cells ( Fig. 3A-B) . A fragment spanning an E2F binding site in found RBR-associated ( Fig. 3B-C) . pRKD3, pWOX2 and pLEC1 fragments were 249 enriched in both RBR-ChIPs across vegetative and reproductive stages ( Fig. S3A ).
250
The MYB64 promoter, however, showed differential RBR occupation level at two 251 tested E2F binding sites between the tissue types. Surprisingly, the MYB64 gene 252 body was also bound by RBR. In order to verify RBR targeting both MYB64 and 253 RKD3 directly in the egg cell, we performed an additional ChIP experiment using 254 pEC::tagRFP-RBR transgenics. Here, we examined specific sites of pMYB64 255 (containing predicted canonical E2F sites) and pRKD3 (no E2F sites) promoters that 256 we tested earlier for binding by GFP-RBR, upon immuno-precipitation of tagRFP-257 RBR. Both pMYB64 and pRKD3 promoter fragments were found enriched for this 258 epitope binding ( Fig. 3C ), leading us to conclude that RBR represses transcription of 259 MYB64 and RKD3 in the egg cell by directly binding to their corresponding 260 promoters.
261
Next, we asked if the sites of RBR binding within our target egg cell candidate loci 262 overlapped with the repressive histone methylation mark H3K27me3, similar to 263 previous findings in seedling tissues [31] . We performed ChIP for H3K27me3-bound 264 DNA in egg cell-containing gynoecia using a ChIP experiment on seedlings as a 265 baseline for chromatin occupation by H3K27me3 ( Fig. S3B ). A previously reported 266 fragment with an E2F binding site in the PCNA promoter was used as a negative 267 control for H3K27me3 enrichment [31] . H3K27me3 mark loading in gynoecia tissues 268 resembled overall that of the seedlings, with significantly lower and higher 269 enrichment in RKD3 and WOX2 promoters, respectively. In both the seedlings and 270 reproductive tissues, MYB64 showed low H3K27me3 binding in its promoter similar 271 to pPCNA, and high binding at the coding regions. The LEC1 locus was moderately faithful mutant alleles [30, 32] . We previously reported that three RKD genes are 282 preferentially expressed in the egg cell, and act as activators of a subset of unknown 283 genes expressed there [30] (Fig. 1L ). Two other RKDs are also expressed in the egg 284 cells and also elsewhere in the sporophyte [9, 33] . Therefore, we analysed the role of within the same embryo sac, supporting that they are down-stream and/or a part of 297 the RBR and MYB pathway operating in the egg cell specification.
298
Several stress genes were deregulated in rbr-3 grown in ambient conditions ( Fig. 2A- 
299
B, 4V, S1), suggesting activation of a cellular stress response in the absence of RBR 300 function in the embryo sac. We noted that egg cell-expressed stress-response genes 301 such as ARABIDOPSIS ZINC FINGER 2 (AZF2), NAC19, and BETA-AMYLASE 1 302 (BAM1) were upregulated not only in rbr-3 but also in myb64;myb119 ovules ( rather weak in case of MYB119 and LEC1 (Fig. 5A-B) . Concisely, we identified three (Table S7) , including those we identified in this work (Fig. 5, S4) , and also MYBs [13, 22] from egg-to-zygote development will have to be investigated further.
411
It is also interesting to note that PRC2-specific repressive mark at the MYB64 locus or most abiotic stress types tested here, RKD3 was activated but RKD2 was 438 downregulated. RKD3 repression in the wild-type is likely connected to H3K27me3 439 loading, and it is possible that RBR and PRC2 co-regulate this locus in a stress-440 20 responsive manner, and this dual transcriptional control is similar to regulation of 441 other genes during seed maturation and early seedling development [31] .
442
Environmental stress is a major denominator of evolution of sex and germline 443 throughout the Eukaryotes [50], and the land plants in particular evolved across 444 gradients of limiting water and increasing light conditions [51] . Surprisingly, we found 445 that RBR represses a subset of egg cell-expressed stress-related genes, supporting 446 its role in reproductive stress amelioration. Therefore, the stress-associated RBR-447 MYB-RKD-LEC1-(PRC2) transcription factor network that we uncovered here 448 features a prominent higher-order regulatory mechanism that may underlie egg cell 449 development and homeostasis in plants. 
